This study was conducted to assess the microbial load of Black Bengal goat meat during handling and selling in different markets of Mymensingh, Bangladesh. Total 27 samples were collected from three different places of the city, including KR market, Seshmore and Mesua Bazar. These samples were subjected to determine Total Viable Count (TVC), Total Coliform Count (TCC) and Yeast Mold Count (YMC) by using standard protocols. In raw meat, mean value of TVC were highest in Seshmore market (5.24±0.42 log cfu/g) at 0 hour but having no significant differences with other two places. In case of TCC and YMC highest count were in meat of Mesua Bazar. In case of TCC, difference were observed (P<0.05) among the markets. At 5 hours all the bacterial counts were increased having significant differences with the initial count and in most of the cases the bacterial count crossed the acceptable limit. This was may be due to the unhygienic practices of butchers. Consumers were not conscious. Suggestion has been given to improve the knowledge on hygiene among the meat producers to reduce microbial load.
Introduction
Goat is the animal of developing countries where more than 95% of goats are reared in Asia and Africa (Chowdhury and Mutalib, 2003) . At present, the approximate number of goats is 25.611 million in Bangladesh (DLS, 2016) . As a source of animal protein, goat meat has for long occupied a special place in the diet for a variety of reasons including taste preference, prestige, religion, tradition and availability. Meat is an important edible post-mortem component originating from the live animals that are used as food by human. These animals include domesticated cow, buffalo, sheep, goat, camels and some wild animals i.e. dear, hog and rabbit. In addition, poultry have become a major meat producing species, while various game animals and birds provide a substantial amount of meat particularly in localized areas. However, cow, buffalo, sheep and goat are the main sources of red meat in Asia. Goat meat is without a doubt one of the staple red meat in human diet. Indeed goat meat is acceptable throughout the world but cultural and social tradition and economic condition often influence consumer preferences. Meat was the first important food that met up the hunger of ancient people living in cave (Haque et al., 2008) . It plays a very vital role in keeping the human body strong in order to provide energy, health and vigor (Rahman, 2000) . But, microorganisms present in meat may be harmful for human and may cause spoilage and may be used as an indicator organism. Many researchers have isolated and identified heterogeneous types of micro flora from fresh meat (Brahmbhatt and Anjaria, 1991) .
Goat meat has an immense market potential, as it can becomes an ideal choice for health conscious consumers (Carlucci et al., 1998) . In recent time, market of meat has been adapting to different requirements of contemporary consumers, insisting of lean and easily digestible meat of high quality and good taste (Lesiak et al., 1997) . The consumer expects the meat he purchases to be safe and wholesome. Wholesome meat is produced hygienically, pathogen free, retains its natural state and nutritive value, has optimum fat and is unconditionally acceptable to the consumer (Bhandare, 2007) . However, Bangladesh is a tropical country, with ambient temperatures conducive to the growth of microorganisms, which can rapidly render the meat unsafe for human consumption. Episodes of food borne diseases are reported in the press on many occasions, but due to lack of a surveillance network, the exact magnitude of the problem in the country remains unknown.
The majority of the population consumes meat slaughtered and butchered in small local shops where the maintenance of hygiene is always questionable. Bangladesh has a few organized slaughterhouses mostly for export purposes, but the meat produced for the domestic market is sold as hot meat directly to the consumers from retail meat shops. The poor hygiene and sanitation prevailing in the abattoirs as well as the shops encourage microbial contamination, survival and growth. The higher microbial load in the shops is due to floor dressing and neglect of hygiene in contrast to the vertical rail dressing and hygiene maintenance adopted in the abattoir. The microbiological quality of meat and meat products is very important with regards to public health significance. There are several reports on outbreaks of food borne diseases because of consumption of meat (Lunden et al., 2003; Prakash et al., 2005; Bhandare et al., 2007) . The meat is potentially subjected to contamination from a variety of sources within and outside animal during the slaughter of animal to sell. In living animals, those surfaces in contact with the environment harbor a variety of microorganisms. The contaminating organisms are derived mainly from the hide of the animal and the feces. The place of slaughter, the environment of the slaughter house, the floor of the retail outlet, the air in the outlet and the vehicle used for the transport of the meat from the slaughter house to the retail outlet act as the external sources for the contamination of the meat (Sofos et al., 1999 and Sudhakar et al., 2009) . Food habits of Indian society have substantially changed due to rapid urbanization and westernization, resulting in people converting from vegetarian to non-vegetarian diet. Hence the demand for meat is increasing. Simultaneously the consumers have become more alert regarding the quality, freshness and health aspects of meat (Selvan et al., 2007) . The absence of organized slaughter house facility and the existence of small retail outlets have been the two biggest hurdles for hygienic production of meat.
The public due to unawareness and due to nonenforcement of laws, many of a time, buy meat which cannot ensure protection to consumers from the effect of potential danger of inferior meat (Prodhan, 2015) . Microbial implication in handling, slaughtering, dressing, processing and distribution of meat and meat products may endanger human health. Therefore the study was undertaken to determine the extent of microbial contamination of goat meat obtained from slaughter yards and from meat stalls at late market hours and to assess the selected microbial attributes such as total viable bacterial count (TVC), total coliform count (TCC) and yeast mold count (YMC) in goat meat cuts of different sources. Thereby, the experiment was carried out with following objectives: i) to evaluate microbial load of goat meat during handling and selling in the market. ii) to examine the microbial load at different hours of interval from slaughtering to selling and iii) to recommend suitable time from slaughtering to selling.
Materials and Methods

Place of experiment
The experiment was conducted in the laboratory of the Department of Animal Science in Bangladesh Agricultural University (BAU), Mymensingh, Bangladesh. The experiment was conducted within JulyDecember 2014.
Experimental samples
All samples were obtained from local retail markets situated in K.R. Market at BAU campus, Sheshmore Market and Mymensingh City market. The markets were run by the local municipal authorities and upazila parishad. The goat of almost same ages were brought to convenient slaughter points and slaughtered by Halal method. After skinning they cut it into different parts of its body. Then the meat was put in sterilized bag. The samples were collected immediately after slaughter.
Experimental design
There are three treatments in this experiment. These are T1= 0 hour (control), T2= 2 hours, T3= 5 hours. The bacterial count was taken at 0, 2, and 5 hours after the collection of the sample from each location.
Samples
No. of Replications Treatments
Place 1 (KR Market) 9 0 hr (control), 2 hrs, 5hrs Place 2 (Seshmore) 9 0 hr (control), 2 hrs, 5hrs Place 3 (Mymenshing city) 9 0 hr (control), 2 hrs, 5hrs
Media and reagent employed for TVC, TCC and YMC
Solid media and reagents
The media employed for these bacteriological analysis included plate count agar (PCA), MacConkey agar (MA) and potato dextrose agar (PDA). The commercial media were prepared according to the direction of the manufacturers.
Glassware and other appliances Different types of glassware and appliances were used during the course of the experiment. These were as follows: Test tubes (with or without Durham's fermentation tube and stopper), petridishes, conical flask, pipette (1 ml, 5 ml, 10 ml and 25 ml capacities), glass rod spreader, test tube stand, mortar and pestle, whirly mixture machine, blender machine, water bath, incubator, refrigerator, sterilizing instruments, hot air oven, ice boxes, electronic balance.
Preparation of sample for bacteriological studies
Each of the samples was macerated in a mechanical blender using sterile diluents as per recommendation of International Organization for Standardizations (ISO, 1995) . About ten grams of the meat sample was taken aseptically with a sterile forceps and transferred into sterile containers containing 90 ml of 0.1% peptone water. A homogenized suspension was made in a sterile blender. Thus 1:10 dilution of the samples was obtained.
Later on using whirly mixture machine different serial dilutions ranging from 10 -2 to 10 -7 were prepared according to the standard method (ISO, 1995) .
Enumeration of total viable count (TVC)
For the determination of total bacterial count, 0.1 ml of each ten-fold dilution was transferred and spread on duplicate PCA using a fresh pipette for each dilution. The diluted samples were spread as quickly as possible on the surface of the plate with a sterile glass spreader. One sterile spreader was used for each plate. The plates were then kept in an incubator at 37 °C for 24 hours. Following incubation, plates exhibiting <300 colonies were counted. The average number of colonies in a particular dilution was multiplied by the dilution factor to obtain the total viable count. The total viable count was calculated according to ISO (1995) . The results of the total bacterial count were expressed as the number of organism or colony forming units per gram (CFU/g) of meat sample. Then results were calculated into log value.
Enumeration of total coliform count (TCC)
For the determination of Total Coliform Count (TCC), 0.1 ml of each ten-fold dilution was transferred and spread on MacConkey agar using a sterile pipette for each dilution. The diluted samples were spread as quickly as possible on the surface of the plate with a sterile glass spreader. One sterile spreader was used for each plate. The plates were then kept in an incubator at 37°C for 24 hours. Following incubation, plates exhibiting <300 colonies were counted. The average number of colonies in a particular dilution was multiplied by the dilution factor to obtain the total viable count. The total viable count was calculated according to ISO (1995) . The results of the total bacterial count were expressed as the number of organism or colony forming units per gram (CFU/g) of meat sample. Then results were calculated into log value.
Enumeration of yeast-mold count (YMC)
For the determination of yeast and mold counts, 0.1 ml of each ten-fold dilution was transferred and spread on triplicate PDA agar using a sterile pipette for each dilution. The diluted samples were spread as quickly as possible on the surface of the plate with a sterile glass spreader. One sterile spreader was used for each plate. The plates were then kept in an incubator at 25°C for 48-72 hours. Following incubation, plates exhibiting 30-300 colonies were counted. Colonies were counted with the aid of a colony counter. The average number of colonies in a particular dilution was multiplied by the dilution factor to obtain the yeast and mold count. The yeast and mold count was calculated according to ISO (1995) . The results of the yeast and mold count were expressed as the number of organism of colony forming units per gram (CFU/g) of goat samples.
Statistical analysis
All the average means and standard deviations were calculated through Microsoft excel. Microsoft Excel 2010 Data analysis tool pack was used to analyze the data. 3×3 factorial design was used to calculate the interaction between the place and time. One way anova from Microsoft Excel 2010 Data analysis tool pack was used to calculate the P value.
Results and Discussion
Total viable count (TVC)
Total Viable count (TVC) is a measure of microbial quality of the meat. Presence of microbes in high numbers (TVC>10 7 CFU/g) first track the spoilage of the meat (Ahmad et al 2013) . According to the raw meat Grading and Marketing Rules, APC of 60% of analyzed samples must not exceed 10 6 CFU/g, whereas 40% of the samples may have counts up to 10 7 CFU/g (Mukhopadhyay et al., 2009) . Results of TVC are placed in Table 1 . Highest mean value for TVC in 0 hour found in Sessmore market but there were no significant difference in TVC among the markets assessed (P>0.05). All the results of TVC at 5 Hours showed a gradual increase in TVC than 0 hour. Significant difference found among different hours in every cases (P<0.01). Initial counts show similarity with Hogue et al. 2008 . This result shows that huge contaminations occur but there is more or less uniformity in bacterial load of these markets. However, the reduced counts on some cases are probably due in part to the fat layer which tends to reduce the amount of unbound moisture available for the growth or survival of microorganism (Jay, 1978 and Lasta et al., 1992) and also due to more exposure to washing. Increase in TVC with time shows similarity with Hassall (1995) where the study concluded that the bacterial count increased tremendously by the time the carcasses were received by the store from slaughter slab.
Total coliform count (TCC)
TCC indicates the hygienic condition of meat (Ahmad et al. 2013) . According to Compendium of Microbiological Criteria for Food, 2016 coliforms more than log 2 cfu/g indicates unsatisfactory meat which may result pathogenic conditions from meat. The results of TCC are placed in Table 2 . In present study, it revealed that, in many cases the TCC crossed the satisfactory level showing unhygienic conditions of the slaughter slabs and meat shops. At five hours all the samples crossed the satisfactory levels showing unacceptable meat in retail shops at late hours. Significant difference found among the markets at 0 hour (P<0.05). Almost all cases significant difference found TCC level (P<0.05) with increase of time. Hoque et al. (2009) also found higher coliform counts in late hours at retail meat. Presence of some coliform bacteria may cause detrimental conditions and spoil the quality of meat and high count of TCC (more than log 2) is not acceptable. Mukhopadhyay et al. (2013) and Bhandare et al. (2007) also found similar results in retail shops while detecting coliform bacteria.
Yeast mold count (YMC)
Yeast mold count can be used as an indicator of overall quality and safety of any food item. In many food standards it has been used such as food standards of Australia and New Zealand. Both yeasts and molds cause various degrees of deterioration and decomposition of foods. They can invade and grow on virtually any type of food at any time. In this study, the YMC count results are placed in Table 3 . No significant difference found among the markets at 0 hours (P>0.05). But significant difference found at 2 hours and 5 hours in YMC among the markets (P<0.05). All the cases showed significant increase with time (P<0.01). Most of the experiments on yeast mold counts of meat show the satisfactory level of YMC 10 2 -10 3 cfu/g (Barros et al., 2007 and Huang et al 2014) . In this experiment yeast mold count crossed satisfactory level in almost all the cases at 5 hours and were not satisfactory according to YMC level. Interaction between place and time No significant interaction was found between place and time. Similar results found in all places may be due to less difference among the places.
Correlation
The value of correlation coefficient between TVC and TCC were found r = 0.41 indicating weak relation between TVC and TCC. But Houqe et al. (2009) found strong relationship between TVC and TCC of beef. The value of correlation coefficient between TVC and YMC were found r = 0.87 indicating relatively strong relation between TVC and YMC. This indicates there is relationship between TVC and YMC.
Conclusion
The study revealed that the microbial counts of different meat markets were very high and there were negligible difference between the microbial counts among the markets. At 0 hours the meat was in acceptable limits but at 2 and 5 hours most of the cases the bacterial counts crossed the acceptable limits. Therefore it is advisable to preserve the meat with care to avoid further microbial contamination after slaughter. However, it is vital for quality tools such as good manufacturing and hygiene practices, hazard analysis and critical control points, microbiological risk evaluation, and quality management to be integrated into the meat processing sector to get safe meat. It is also suggested that authorities should closely monitor and regulate proper slaughtering and transportation facilities in slaughterhouses and meat shops.
